In field plot experiments, an atoxigenic strain of Aspergillus flavus interfered with preharvest aflatoxin contamination of corn when applied either simultaneously with or one day prior to a toxigenic strain. The atoxigenic strain reduced preharvest aflatoxin contamination 80 to 95%. The atoxigenic strain was also effective in reducing postharvest aflatoxin contamination caused by both an introduckd toxigenic strain and by strains resident on the kernels. The results suggest that atoxigenic strains of A.flavus may have potential use as biological control agents directed at reducing both preharvest and postharvest aflatoxin contamination of corn.
of 1988 created favorable conditions for A. j7avus in the Midwest, and the Wall Street Journal (February 23, 1989) reported one-third of the crop tested in Iowa and Illinois contained dangerous levels of aflatoxin. This, according to the article, caused greatly increased concern in the U.S. corn industry.
Biological control of several plant diseases has been demonstrated by utilizing certain strains of the causal organism (12, 14, 15, 20) . Strains of A. flavus that do not produce aflatoxins have been selected from fungal populations in cotton and corn fields (6, 17) . In greenhouse tests, atoxigenic strains of A.flavus significantly reduced production of aflatoxin B, in cottonseed coinoculated during development with toxigenic strains (7). When atoxigenic strains were introduced into wounded cotton bolls one day prior to the toxigenic strain, even greater control of aflatoxin was obtained (7). This study provided useful information but was camed out in a controlled environment. In the field, where A. j7avus first associates with the crop, greater biological and environmental complexities exist. Also, it is not known if atoxigenic strains influence contamination of harvested crops which already possess complex microflora and may be previously infected with A.
flaws (10) . In the present study, an atoxigenic strain, previously identified and shown effective in greenhouse tests on cottonseed, was tested for efficacy on corn under field and storage conditions. A preliminary presentation of these studies has been made (3).
MATERIALS AND METHODS

F~rngal strains and growth conditions
Strains of A. flavus utilized in this study were isolated from agricultural soil and cottonseed in Arizona (6,7). Strain 13 produced large quantities of aflatoxins both in culture and in developing cottonseed. while strain 36 did not produce detectable levels (<I0 nglg) (6). Cultures were grown at 30°C in the dark on a 5% V-8 juice, 2% agar medium. Plugs (3 mm in diameter) of sporulating cultures were stored at 8OC on a long-term basis in Cdram vials containing 5 ml of distilled water (5.6). Conidia from 7-to-10-d-old cultures suspended in deionized water served as inocula (7).
lnoculotion of developing corn kernels
Field corn (Pioneer Brand 3369A) planted on 76.2-cm centers in a silty-loam type soil in New Orleans, LA was utilized in these experiments. Ten d after the 50% silk stage, each developing ear was wounded once with a cork borer (3 mm diameter) to a depth of 5 mm. Each ear was inoculated by applying 20 p1 of a spore suspension (4.0 x 106 conididml) to a wound.
The treatments were applications of either the toxigenic or atoxigenic strains alone, the toxigenic strain followed immediately by the atoxigenic strain or the toxigenic strain 24 h after the atoxigenic strain. Wounded, uninoculated ears were used as additional controls. Treatments were replicated six times (3 ears/ replicate) and organized into randomized complete blocks. Experiments were performed twice (tests 1 and 2). Corn used in the first field experiment was planted in mid-April and harvested in midJuly (1989); corn for the second experiment was planted in early May and harvested in early August (1989) .
In all experiments, ears were harvested at maturity and dried in a forced-air oven at 60°C for 2 d. After drying, ears were kept at room temperature in sealed plastic bags containing silica gel desiccant until aflatoxin analysis.
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Inoculation of harvested corn kernels
Ears harvested at maturity from uninoculated portions of the above test plots were shelled and.the kernels dried at 60°C for 2 d in a forced-air oven. After dryins, kernels were kept at room temperature in sealed plastic bags containing silica gel desiccant until used. The initial moisture content of the kernels was determined according to the official method of the American Oil Chemists Society (2).
Ten g of kernels in 50-ml Erlenmeyer flasks were either inoculated with a single fungal strain, or a mixture (1:l) of the toxigenic and atoxigenic strains or hydrated with sterile, deionized water alone. Conidia for each inoculation, approximately 4.0 x loh per strain tested, were suspended in the amount of deionized water needed to bring kernel moisture content to 22% upon application. Flasks were subsequently sealed with Styrofoam plugs, covered with aluminum foil, and incubated at 2 8 T for 12 d. The contents were then dried in a forced-air oven at 60°C for 2 d to halt fungal activity and prepare the sample for aflatoxin analyses. In a second set of postharvest experiments, the above protocol was altered to simulate aspects of postharvest storage. In these tests, all inoculum suspensions and water controls contained a surfactant (0.02% Tween 80) to improve seed coverage. After either inoculation with a single fungal strain or hydration to 22% moisture content with deionized water, kernels were incubated for 24 h at 28°C and then dried at 4S°C for 3 d in a forced-air oven.
Dried kemels were stored 8 d at 28OC and then rehydrated to 22%
with either a suspension of spores (4.0 x 106) of a toxigenic strain or distilled water. After rehydration, flasks were incubated for 12 d at 28°C. dried, and analyzed for aflatoxins.
All experiments were performed twice and replicated six times; each replicate consisted of one flask.
Aflatoxin analyses
The aflatoxin B, content of replicates from both the preharvest and the postharvest studies was determined with official methods of the American Oil Chemists Society (I). Toxin was identified by thin layer chromatography (TLC) and quantified directly on the TLC plates with a scanning densitometer with a fluoromet~y attachment (Model CS-930; Shimadzu Scientific Instruments, Inc., Tokyo, Japan). In the case of the preharvest tests, each replicate1 sample to be analyzed contained 45 kernels (12 to 13 g), 15 from each of three ears. The 15 kemels were chosen by first identifying the kernel which lined up with the wound in the husks. This "central" kernel was then used to identify the 14 adjacent kernels which consisted of one column to the left and right and two rows to the top and bottom.
Statistical malysis
Analyses were performed with the Statistical Analysis System (SAS Institute Inc., Cary, NC). Treatment replicates from each experiment were ranked. and ranks were subjected to splitplot analyses where the test was the main plot and the treatment was the subplot. Differences among treatment means were determined by the least significant difference test. All multiple comparisons were first subjected to analysis of variance.
RESULTS
In preharvest experiments, the test variable was not significant (P=0.05) and did not interact with the treatment variable. This allowed data from both tests to be pooled (Table 1) . Very high levels of aflatoxin B, were detected in kernels from ears inoculated with the toxigenic strain in the field. Coinoculation with the atoxigenic strain significantly reduced B, quantities, as did inoculation with the atoxigenic strain 24 h in advance.
Aflatoxin B, levels in kernels coinoculated with the toxigenic and atoxigenic strains after harvest were also significantly lower than levels detected in kernels inoculated with the toxigenic strain alone (Table 1) . Also, as in the preharvest experiments, the test variable was not significant (P=0.05) and did not interact with the treatment variable, allowing data from both tests to be pooled. Significantly less B, was produced postharvest in kemels inoculated with the atoxigenic strain alone than in the uninoculated control.
In postharvest tests where harvested kernels were inoculated with the atoxigenic strain before the toxigenic strain (Table I) , a significant (P=0.05) interaction between 'Kernels were inoculated with the atoxigenic strain 24 h before the toxigenic strain in preharvest prior inoculation experiments. In postharvest prior inoculation experiments, kernels were inoculated with the atoxigenic strain, incubated for 24 h, then dried and stored for 8 d, before inoculation with the toxigenic strain. "NA = Not applicable.
.lOURNAL OF FOOD PROTECTION, VOL. 54, AUGUST 1991 the test and treatment variables occurred. Thus, data from these two tests were not combined. Inoculation with the atoxigenic strain prior to the toxigenic strain significantly I reduced B, in both tests when compared to kernels inoculated with the toxigenic strain alone. In test 1, levels of B, in the atoxigenic and uninoculated control treatments were significantly lower than in the kernels inoculated with the toxigenic strain after the atoxigenic strain. However, in test 2, the levels detected in these three treatments did not differ significantly.
DISCUSSION
Populations of A. flavus in agricultural fields are composed of strains that vary widely in aflatoxin-producing ability, and this ability is apparently unrelated to a strain's potential to infect and colonize host tissues ( 6 7 ) . These observations suggest that naturally occuning atoxigenic strains may be able to outcompete toxigenic strains during infection of developing crops and thereby prevent aflatoxin contamination (6). Several fungi can interfere with aflatoxin production on artificial media or other sterile substrates (9,13,16). However, the biocontrol potential of those fungi tested in developing corn, grown under controlled conditions, is inadequate in preventing aflatoxin production by A. flavus (18) . Greenhouse experiments verified the biocontrol potential of atoxigenic A. j7avus strains on cotton (7). Part of the attraction of controlling aflatoxin contamination with strains of A. flavus relates to the theoretical ability of the atoxigenic strains to be active under the same environmental conditions where A. flavus toxigenic strains are active (7). This ability was tested in the field experiments presented here and the results suggest this speculation may have merit. The atoxigenic strain of A. flavus was very effective at preventing contamination of corn under field conditions favoring high levels of aflatoxin contamination.
The atoxigenic strain used in these studies was isolated from soil collected in a cotton field in Arizona. There may be some adaptation of A. flavus strains to particular hosts or regions. If adaptation does exist, even greater control could be provided by atoxigenic strains obtained through the screening of corn field populations of A. flavus from particular growing regions.
A. flavus comes in contact with corn kernels prior to harvest and remains with the crop throughout harvest, storage, and even use (11). The potential for aflatoxin contamination thus exists both before and after harvest (11). The atoxigenic strain reduced contamination by 76 to 8 1 % when shelled kernels were coinoculated with toxigenic and atoxigenic strains. Strain efficacy was also demonstrated in the experiment where dried kernels were exposed to a simulated breakdown in storage conditions. These observations indicate potential use of atoxigenic A. flavus strains to prevent postharvest infection and subsequent contamination by toxigenic strains. In two out of four postharvest tests, there was a significant decrease in aflatoxin detected in kernels inoculated with the atoxigenic strain, when compared with the uninoculated control. This may indicate postharvest application of atoxigenic strains has potential to prevent postharvest contamination of corn by strains associated with the crop in the field. Failure to see reductions in all four tests may be due to interference from uncontrolled microbial activity. Since experimental conditions were designed to exclude sterilization, kernel microflora may have differed considerably in each test.
Very low amounts of aflatoxins were detected in corn inoculated in the field with the atoxigenic strain alone. Toxin was present in only one replicate in one test. This contamination may be due to chance introduction of a toxigenic strain endemic to the field.
In test 2 of the postharvest prior inoculation experiment, atoxigenic strain efficacy was significant but not as great as in other tests (Table I ). This apparent reduced efficacy is due to a single high value.
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